Background/Aim. Opto-magnetic imaging spectroscopy (OMIS) was used as a novel method to determine tissue molecular conformation changes during hyperbaric oxygen (HBO) therapy. The aim of this study was to examine the usefulness of OMIS for the assessment of HBO therapy effectiveness on the diseased tissue. Methods. OMIS is concerned with obtaining paramagnetic/diamagnetic properties of materials, related to the presence of unpaired/paired electrons based on their interaction with visible light. The basic tool is light of wavelength in the range between 400 nm and 700 nm and its interaction with tissue. The study included 22 subjects: 16 angiopathy patients and 6 healthy subjects as the control group. OMIS was used with patients on the 1st, 10th and 20th session and with the control group on the 1st, 10th and 20th day without HBO therapy in between. Results. The obtained results showed that healthy skin of all the control group subjects had the same shape curve. In the angiopathy patient group, before the first session OMIS showed tissue disorder and after the last session results resembled more closely the results in healthy tissue. The differences in the tissue state in the angiopathy group before each session were noticeable, showing normalized tissue under the influence of HBO. Conclusion. The results show that OMIS could be used as a diagnostic tool for detection of the tissue state before and after the HBO therapy.
Introduction
Hyperbaric oxygen (HBO) therapy is breathing 100% oxygen at a pressure higher than atmospheric pressure while in the hyperbaric chamber. It is used to treat patients with different vascular problems, microangiopathy, diabetes mellitus complications, embolism, gangrene, burns, etc 1, 2 . Various optical methods, such as pulse oximetry, near infrared spectroscopy, and fluorescence spectroscopy have been used for measuring hemoglobin oxygen saturation, tissue Fig. 2 -Basic operational setup (prototype) for opto-magnetic imaging spectroscopy (NanoLab, Faculty of Mechanical Engineering, University of Belgrade) 12 .
oxygenation as well as the glucose level in blood in some diseases [3] [4] [5] , but due to different limitations in methods and specificities of HBO therapy, their evaluation value is limited 6, 7 . In this paper, opto-magnetic imaging spectroscopy (OMIS) is presented as a method used for skin characterization during hyperbaric oxygen therapy. Until now OMIS was used on different types of matter, starting with non-organic compounds such as water 8 , biological tissue such as healthy skin 9 , contact lenses 10 and live microorganisms such as viruses 11 . The aim of this study was to identify the expected positive effects of HBO therapy on the diseased tissue and to characterize skin properties during the therapy. The results of applied OMIS in the control group are also reported.
Methods
The OMIS method is concerned with obtaining paramagnetic/diamagnetic properties of materials (unpaired/paired electrons) based on their interaction with visible light. The basic tool is the light of wavelength in the range between 400 nm and 700 nm. Since light is composed of coupled electrical and magnetic field perpendicular to each other in propagation wave, if sample is exposed to the white light under the angle of 90˚, reflected unpolarized light will have information about electromagnetic properties of the sample. On the other hand, if the light beam is incident under a particular angle (the Brewster angle) to a sample of the material of interest, the reflected light will be polarized by the sample itself (Figure 1) 
12
. The longitudinal wave of the reflected light will dominantly have an electrical component whose properties will depend on the electrical state of the surface. However, the magnetic component of the reflected light will be perpendicular to the electrical one, but as a transverse wave. Since the transverse wave has a small intensity in the longitudinal direction its influence on the sensor will be negligible. Therefore, the electrical properties of a material can be obtained by measuring the reflected light. The difference between reflected non-polarized and polarized lights will give us magnetic properties of the sample.
The digital image is recorded with a standard digital camera, which uses the specially self-constructed extra component placed in front of the objective (Figure 2) 12 . This extra component contains the set of the diodes for illuminating the sample. The NL-B53 device with the Canon digital camera, model IXUS 105, 12.1 Mpix was used. The illumination of the sample was achieved by using white diffused light from the diodes (three light diodes aligned under the angle of 53˚ to vertical axis, and with the mutual angle distance of 120˚ in the horizontal plane). The recording can be conducted over the circle like shaped area with 25 mm in diameter.
This method uses the color system analogous to human eye perception. It consists of red, green, and blue colors (RGB). The algorithm for image processing and chromatic information determination is based on a chromatic diagram called the Maxwell triangle and on an operation of the spec- tral convolution referring to the blue (B) and the red (R) channel. It is marked as (R-B)&(W-P) which indicates the convolution operation of the blue and the red channels (R-B) of "diffusive" (white light-W) and "polarization" (polarized light-P) response (W-P). The result of this operation is the convolution spectrum. The difference of the convolution spectra of the reflected white light and the polarized light of blue and red channels yields the opto-magnetic convolution spectra 12 . Skin represents the largest organ of the human body. It consists of three main parts: epidermis, dermis and hypodermis. The boundary between epidermis and dermis is the basement membrane which presents a barrier for adverse influences from the external environment.
Patients with compromised circulation are candidates for HBO therapy because it is well known that, eventually, angiopathy disarranges the structure and function of the skin with certain consequences 1, 2, 13 . HBO therapy improves regeneration of wounded tissue and promotes healing.
This investigation was performed at the Centre for Hyperbaric Medicine, Belgrade, Serbia in the period from February to March 2012 in a multiplace hyperbaric chamber and included 16 patients with angiopathy of diverse origin and 6 healthy subjects as the control group. All the subjects involved gave written consent to participate in this research. While sitting in the chamber before the regular HBO therapy, OMIS was used on the skin of the leg or arm, depending on the patient diagnosis and on the skin of the arm of the control group subjects. Pictures were taken both with white and polarized light twice each. The same procedure was repeated after 30 min on 222.915 kPa [2.2 absolute atmosphere (ATA)], and the third time immediately at the end of the therapy on 101.325 kPa (1 ATA). Measurements were repeated in the same way on the 10th and 20th session. OMIS was applied with the control group in the same way as angiopathy group but without HBO therapy in between.
Results
The results obtained using the OMIS method of a few randomly chosen subjects from both groups (control and angiopathy) were presented. The differences between these groups were presented as the characteristics of peaks, wavelength differences and intensity given in the tables below each figure.
The diagrams in the Figure 3 show the results in the control group, i.e. healthy people. By taking the pictures with OMIS and processing them 12 , the results obtained show that healthy skin of all the control group subjects had the same curve shape.
These values represent dynamic state of healthy tissue. Small variations are expected because each subject is unique ( Figure 3 ). It has to be stressed that curves of all the subjects in the control group had the same shape on the first, 10th and 20th day. Two examples of healthy subjects of the control group are shown in Figure 4 . The values of characteristic peaks are given in Table 1 . The negative values represent diamagnetic and positive paramagnetic characteristics. It has to be stressed that diamagnetism indicates stable state of the tissue.
The diagrams in Figure 5 represent the patients with angiopathy. The results in the Figure 5 a (the left figure) show the state of the patients' skin before the first and Figure 5 b (the figure right) after 20th session. After the last session the results obtained show similarity with the control group subjects.
All curves in Figure 5a , (left) start as paramagnetic with one exception indicating the presence of unpaired electrons, which generate tissue disorder. After the last HBO session (Figure 5b, right) , the curves within some of the patients again starts as paramagnetic, but all the curves are of narrower shape and higher amplitude.
Wavelength differences and the intensity of the characteristic peaks before the first and after the last therapy are shown in Tables 2 and 3, After the last therapy, the state of the patients showed an improvement because the differences compared to the control group were diminished.
The diagrams in Figure 6 indicate that OMIS spectra in the angiopathy patients significantly changes during the period of HBO therapy.
Discussion
Small variations of the results of the control group are present which was expected as the skin of the female and male genders differ 9, 14 . The OMIS spectra of healthy skin start as diamagnetic which indicates biophysical stable state of the tissue. After the repeated measurements the shape of the curves for all the control group subjects was not significantly changed ( Figure 4 ) which confirms the stability of healthy tissue. Irregularity in one healthy subject (JT) was noticed as the curve in each measurement started as paramagnetic without proper biophysical explanation. However, the shape of the curve, in general, matched the rest of the curves of other healthy subjects. Further investigation is needed.
The results in Figure 5 within the angiopathy group show shape disorder before the first therapy and after the last therapy. The shape of the curves became more orderly with significantly more resemblance to the healthy tissue results.
The values given in Table 2 show that the first peak of the curves was paramagnetic with one exception (BP) without biophysical explanation according to our knowledge. After the last therapy, some of the subjects had first peaks in the same magnetic state as before the first therapy and in some of them it was changed ( Table 3 ) that needs our further investigation. The result was that all the subjects with the first peak in diamagnetic field belonged to the peripheral neuroangiopathy patients.
Opposite to the results showed in Figure 4 , in the angiopathy patients the curve shape before the first, 10th and 20th session was significantly different showing effects of HBO therapy on the tissue normalization ( Figure 6 ).
Conclusion
The obtained results show that opto-magnetic imaging spectrometry can be used as diagnostic tool for detection of the skin state before and after the hyperbaric oxygen therapy. There are the differences between the diagrams and additional biophysical explanation is needed. The study needs to be continued with a larger number of subjects for better understanding of the correlation between opto-magnetic imaging spectrometry, increased level of oxygen and tissue metabolism.
